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1 Introduction 



The quantum field theory in curved space-time has been a matter of great interest in 
recent years because of its apphcations to cosmology and astrophysics. The evidence of 
existence of strong gravitational fields in our Universe led to the study of the quantum 
effects of material fields in external classical gravitational field. After the appearance of 
Parker's paper on scalar fields [0] and spin-^ fields 0], several authors have studied this 
subject. Although the Universe seems homogenous and isotropic at present, there is no 
observational data that guaranties the isotropy in the era prior to the recombination. In 
fact, there are theoretical arguments that sustain the existence of an anisotropic phase 
that approaches an isotropic one [^. Interest in studying Klein- Gordon and Dirac 
equations in anisotropic models has increased since Hu and Parker |Q have shown that 
the creation of scalar particles in anisotropic backgrounds can dissipate the anisotropy 
as the Universe expands. 

A Bianchi type-I (B-I) Universe, being the straightforward generalization of the flat 
Robertson- Walker (RW) Universe, is one of the simplest models of an anisotropic Uni- 
verse that describes a homogenous and spatially flat Universe. Unlike the RW Universe 
which has the same scale factor for each of the three spatial directions, a B-I Universe 
has a different scale factor in each direction, thereby introducing an anisotropy to the 
system. It moreover has the agreeable property that near the singularity it behaves 
like a Kasner Universe even in the presence of matter and consequently falls within the 
general analysis of the singularity given by Belinskii et al ||^. And in a Universe filled 
with matter for p = 7 e, 7 < 1, it has been shown that any initial anisotropy in a B-I 
Universe quickly dies away and a B-I Universe eventually evolve into a RW Universe 
1^. Since the present-day Universe is surprisingly isotropic, this feature of the B-I 
Universe makes it a prime candidate for studying the possible effects of an anisotropy 
in the early Universe on present-day observations. In light of the importance of men- 
tioned above, several authors have studied linear spinor field equations and the 
behavior of gravitational waves (GW's) [Q, |10|, |11| in B-I Universe. Nonlinear spinor 



field (NLSF) in external cosmological gravitation field was first studied by G. N. Shikin 
in 1991 ||12|. This study was extended by us for more general case where we consider 
nonlinear term as an arbitrary function of all possible invariants generated from spinor 
bilinear forms. In that paper we also studied the possibility of elimination of initial 



singularity specially for Kasner Universe [13|. In a recent paper |14] we studied the be- 



havior of self-consistent NLSF in B-I Universe that was followed by the papers [|T5|, [0 
where we studied the self-consistent system of interacting spinor and scalar fields. The 
purpose of this paper is to extend our study for different kinds of interacting term in 
presence of perfect fluid. In the section 2 we derive fundamental equations correspond- 
ing to the Lagrangian for the self-consistent system of spinor, scalar and gravitational 
fields in presence of perfect fluid and seek their general solutions. In section 3 we give 
a detail analysis of the solutions obtained for different kinds of interacting term. In 
section 4 we sum up the results obtained. 
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2 Fundamental equations and general solutions 

The Lagrangian for the self-consistent system of spinor and gravitation fields in presence 
of perfect fluid is 

L — Lg -\- Lgp + Lac + Lm + Lint, (2-1) 

where Lg, L^p, L^c, corresponding to gravitational, free spinor and free scalar fields 
read 

Lg = R/2k, 

Lsp = (V2)[7/;7'^V^V'- V^^/'7''7/>] -m7/>^, 
Lsc = (l/2)(^,^(/^•^ 

with R being the scalar curvature and k being the Einstein's gravitational constant 
and Lm is the Lagrangian of perfect fluid. As interaction Lagrangian we consider the 
following cases ||15|, [l^, [jl^] : 

1. L.nt = (A/2) 

2. Lint = Xi'j^ipip,^,, 

3. Lint = iXi''y'''y^ip(p,i„ 

where A is the coupling constant and F can be presented as some arbitrary functions 
of invariants generated from the real bilinear forms of spinor field having the form: 

S = t/ji/j, P = i^^^^, = i^|J-f''^p), = {i)-^^-^^^), T^"" = (^/'cx'^^^/'), 

where a'^'^ = {i/2)['~f^'y'^ — 'y'^'y'^]. Invariants, corresponding to the bilnear forms, look 

I = S^ J = = ApA>^ = (^t't'^^) ^7m-(^7'7"^), 



According to the Pauli-Fierz theorem |T8[ among the five invariants only / and J are 
independent as all other can be expressed by them: 

L, = -Ia = I + J, It = I-J. 

Therefore we choose F = F{I, J). 

We choose B-I space-time metric in the form 

ds^ = dt^ - -fij{t) dx' dxK (2.2) 

As it admits no rotational matter, the spatial metric 7ij(t) can be put into diagonal 



form. Now we can rewrite the B-I space-time metric in the form ||19|| : 

ds'^ = dt^ - a\t) dx^ - b\t) dy^ - c^{t) dz\ (2.3) 
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where the velocity of hght c is taken to be unity. Let us now write the Einstein equations 
for a{t),b{t) and c{t) corresponding to the metric (2.3) and Lagrangian (2.1) ||19|| : 
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-«:(r|-ir), (2.6) 



->^(T',-\r\ (2.7) 

where points denote differentiation with respect to t, and is the energy-momentum 
tensor of material fields and perfect fluid. 

The scalar and the spinor field equations and the energy-momentum tensor of material 
fields and perfect fluid corresponding to (2.1) are 



5a W^9 (^?"''<^,/3 + dUntld^^^)] = 0, (2.8) 
iYVf,^-m^ + dLint/d^ = 0, 

tV^ij^^ + mij-dLir^t/d^ = 0. (2.9) 



+ y,,^y,.P + 2^^?^^-5^(L,, + L,e + L,„*)+T,V)- (2.10) 

Here ^^(m) energy-momentum tensor of perfect fluid. For a Universe filled with 

perfect fluid, in the concomitant system of reference (m° = 1, = 0,i = 1,2,3) we 
have 

^Mn^) = iP + - = (e, -p, -p, -p), (2.11) 

where energy e is related to the pressure p by the equation of state p = •y e, the general 
solution has been derived by Jacobs [^. 7 varies between the interval < 7 < 1, 
whereas 7 = describes the dust Universe, 7 = | presents radiation Universe, | < 
7 < 1 ascribes hard Universe and 7 = 1 corresponds to the stiff matter. As one 
sees changes in the solutions performed by perfect fluid carried out through Einstein 
equations, namely through r = a(t)b(t)c(t). So, let us first see how the quantities e 
and p connected with r. In doing this we use the well-known equality T^.^ = 0, that 
leads to 

±(re) + Tp = 0, (2.12) 

with the solution 

de 



Inr = - / -. (2.13) 

' (e + p) 
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Recalling the equation of state p = ^e, < ^ < 1 finally we get 

^0 rnl m2 rnS ^0^ 



rpO 

-^O(m) 
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-^3(m) 



-p 
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[2.U) 



where Eq is the integration constant. 

Note that we consider space-independent field only. Under this assumption and with 
regard to spinor field equations, the components of the energy-momentum tensor read: 



(2.15) 



In (2.8) and (2.10) denotes the covariant derivative of spinor, having the form pO| : 

(2.16) 



where r^(x) are spinor affine connection matrices. 7^(0;) matrices are defined for the 
metric (2.3) as follows. Using the equalities |^, ||2^ 

9^u{x) = e''^{x)el{x)r]ab, lt,{x) = e°(a;)7", 

where rjab = diag(l, — 1, — 1, — 1), •ja are the Dirac matrices of Minkowski space and 
e^(x) are the set of tetradic 4- vectors, we obtain the Dirac matrices 7'^(x) of curved 
space-time 

7° = 7°, 7' = 7V«w, 7' = fm, f = fMt), 

7o = 7o, 7i = iMt), 72 = 72&(i), 73 = 73c(t)- 
r^(x) matrices are defined by the equality 



r^(a;) 



which gives 



ro = o, ri = ia(t)7Y, r, = h{t)f^', r, = h{t)f-f'. 



(2.17) 



Flat space-time matrices we choose in the form, given in [23 
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Defining 7^ as follows 



7 
7^ 
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Let us now solve the Einstein equations. With respect to (2.15) summation of Einstein 
equations (2.4), (2.5) and (2.6) leads to the equation 



J = -K{Tl + Ti + Tl -\t)^^ (r° + Tl) 



(2.18) 



In case if the right hand side of (2.18) be the function of r(t) = a{t)b{t)c{t), this 
equation takes the form 

f + $(T)=0. (2.19) 

As is known this equation possesses exact solutions for arbitrary function $(t). Giving 
the explicit form of Li^t, from (2.18) one can find concrete function r(t) — abc. Once the 
value of T is obtained, one can get expressions for components Va(t), a = 1,2, 3, 4. Let 
us express a, b, c through r. For this we notice that subtraction of Einstein equations 
(2.4) - (2.5) leads to the equation 



ac be d { a 



a b ac be dt\a b 
Equation (2.20) possesses the solution 

dt\ 



|--t) +I--7 

a b 
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- + 7 + - 

a b e 
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(2.20) 



- — Diexp[ Xi I — j, Di — const., Xi — const. 



(2.21) 



Subtracting equations (2.4) - (2.6) and (2.5) - (2.6) one finds the equations similar to 
(2.20), having solutions 



^ = D,exp(A-./^). ^ = i)3exp(x3/^). 



dt\ 



(2.22) 



where D2, D^, X2, X3 are integration constants. There is a functional dependence be- 
tween the constants Di, D2, -D3, Xi, X2, X^: 



D2 = Di L>3, X2^Xi+ X3. 
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Using the equations (2.21) and (2.22), we rewrite a{t) , b{t) , c{t) in the exphcit form: 



a{t) = {DlD3)3T3exp 
b(t) = (D^^Ds)hhxp 
c{t) = {DiDl)-hhxp 





r dt 


[ 3 J 


r{t)\ 



Xi — X3 



dt 



3 J Tit) 
X1 + 2X3 f dt 



T{t) 



(2.23) 



Thus the previous system of Einstein equations is completely integrated. In this process 
of integration only first three of the complete system of Einstein equations have been 
used. General solutions to these three second order equations have been obtained. The 
solutions contain six arbitrary constants: Di, D3, Xi, X3 and two others, that were 
obtained while solving equation (2.19). Equation (2.7) is the consequence of first three 
of Einstein equations. To verify the correctness of obtained solutions, it is necessary to 
put a,b,c into (2.7). It should lead either to identity or to some additional constraint 
between the constants. Putting a, b, c from (2.23) into (2.7) one can get the following 
equality: 



r 3r2 + 9T2^" 2^^° 



X : — X^ + ^1X^3 + X^, 



(2.24) 



that guaranties the correctness of the solutions obtained. This together with (2.18) 
gives the equation for r with the solution in quadrature: 



dT 



^2,kt'^T^ + X /?, 



= t. 



(2.25) 



It should be emphasized that we are dealing with cosmological problem and our main 
goal is to investigate the initial and the asymptotic behavior of the field functions and 
the metric ones. As one sees, all these functions are in some functional dependence 
with T. Therefore in our further investigation we mainly look for r, though in some 
particular cases we write down field and metric functions explicitly. 



3 Analysis of the solutions obtained for some spe- 
cial choice of interaction Lagrangian 

Let us now study the system for some special choice of Lint- We first study the solution 
to the system of field equations with minimal coupling when the direct interaction 
between the spinor and scalar fields remains absent. The reason to get the solution 
to the self-consistent system of equations for the fields with minimal coupling is the 
necessity of comparing this solution with that for the system of equations for the 
interacting spinor, scalar and gravitational fields that permits to clarify the role of 
interaction terms in the evolution of the cosmological model in question. 
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In this case from the scalar and spinor field equations one finds Lp = C/t and ipip = 
S = Cq/t with C and Cq being the constants of integration. Therefore the components 
of the energy-momentum tensor look: 

Note that as the energy density Tq should be a quantity positively defined, the equation 
(3.1) leads to Co > 0. The inequality Co > will also be preserved for the system 
with direct interaction between the fields as in this case the correspondence principle 
should be fulfilled: for A = the field system with direct interaction turns into that 
with minimal coupling. 

The components of spinor field functions in this case read 

i'i,2{t) = (Ci,2/v^) e-'^\ ^3,4(t) = {C^aI^) e'"^*- (3-2) 

Taking into account (3.1) equation (2.25) writes 

dr , 

t. (3.3) 



with the solution 
and 



^2,KmCQT + 3kCV2 + 
rlt^o ~ ^J2>kC'^/2 + X/2,t 0, 



Thus one concludes that the solutions obtained are initially singular and the space-time 
is asymptotically isotropic. 

Let us now study the case with different kinds of interactions. 

Case 1. For the case when Lint — : J) writes the scalar field 

equation as 

^(r(^(l + AF)) = 0, (3.4) 

with the solution 

= C/t(1 + AF). (3.5) 
In this case the first equation of the system (2.9) now reads 

— + ^]ip-miP + ViP + ig-f^ip = 0, (3.6) 

where T> :— (p^af'^S Fj and Q :— (p^aV°'P Fj. For the components ipp — Vp{t), where 
p— 1, 2, 3, 4, from (3.6) one deduces the following system of equations: 



Vi + 
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—Vi + i{m 
It 


-v)v,-gv3 
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It 


-v)V2- gVi 


= 0, 
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— V3 — i(m 
2t ^ 


-v)Vs + gvi 


= 0, 


T>4 + 


j- 

— V4 — i(m 
2t ^ 


-v)v^ + gv2 


= 0. 



(3.7) 
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Let us now define the equations for 



P = i{ViV* - V*V3 + V2V: - V*V4), 

R = (ViV* + v*V3 + V2V: + v;v4), 

S = {V*Vi + V*V2 - V*V3 - V:Vi). (3.8) 



After a little manipulation one finds 



-20 Ro = 0, 



dRf) 



dt 

+ 2(m -V)Po + 2gSo = 0, 



dt 

dPo 



2{m-V)Ro = 0, (3.9) 



dt 

where 5*0 = tS, Pq — tP, Rq — tR. Prom this system one can easily find 

^o^o + RqRo + PqPq = 0, 

that gives 

S^ + R^ + P^ = A^T^ = const. (3.10) 

Let us go back to the system of equations (3.7). It can be written as follows if one 
defines Wa = \fTVa. 

W^^i^W^-QW^ = 0, + « W2 - = 0, 
W-i-i^W^^QWx = 0, W4 - i$W4 + ^W^2 = 0, (3.11) 

where $ = m — T>. Defining U{a) — W{t), where a — J Qdt, we rewrite the foregoing 
system as: 

u[ + i{^/G)u^-U3 = 0, u^ + i{<^/g)U2-Ui = o, 
%-i{^/g)U3 + Ui = 0, t/i - z($/6;)t/4 + 1/2 = 0, (3.12) 

where prime (') denotes differentiation with respect to a. One can now define giving 
the explicit value of Lint- 

I. Let us consider the case when F = I"- = 5*^". It is clear that in this case Q = 0. 
Prom (3.9) we find 

S = Cq/t, Co = const. (3.13) 

As in the considered case F depends only on S, from (3.13) it follows that I> is a 
functions of r = abc. Taking this fact into account, integration of the system of 
equations (3.11) leads to the expressions 

K(t) = (a/v^)e-*^ r = l,2, VKt) = (a/vV)e'^, 1 = 3,4, (3-14) 

where Cr and Ci are integration constants and fl = J ^{t)dt. Putting this solution into 
(3.8) one gets 

S = {Cl + Cl-Cl-Cl)/T. (3.15) 



9 



Comparing it with (3.13) we find Cq = Cf + C2 — — C|. The equation (2.25) in this 
case reads 

t. (3.16) 



As one sees 



3K{mCoT + 2(i+Ac|"/r2") + ^0T^-«) + X/3 

3 

rit)\t^oo ~ -nmCot^ -> 00, 

Thus in the case considered, the asymptotical isotropization of the expansion process 
of initially anisotropic Bianchi type-I space-time takes place without the infiuence of 
scalar field. For a detail analysis of this case see 



II. We study the system when F = J" = P"^^, which means in the case considered 
T> = 0. Let us note that, the interaction between the fields inevitably leads to the 
appearnce of nonlinear terms in the field equations. As is known, in the unified non- 
linear spinor theory of Heisenberg the massive term remains absent, as according to 
Heisenberg, the particle mass should be obtained as a result of quantization of spinor 
prematter [^. In nonlinear generalization of classical field equations, the massive 
term does not possess the significance that it possesses in linear one, as by no means 
it defines total energy (or mass) of nonlinear field system. Thus without losing the 
generality we can consider massless spinor field putting m = that leads to $ = 0. 
Then from (3.9) one gets 

P(t) = Do/t, Do = const. (3.17) 
The system of equations (3.12) in this case reads 

U[-U, = 0, f/^-f/4 = 0, 

f/^ + t/i = 0, [/^ + f/2 = 0. (3.18) 

Differentiating the first equation of system (3.18) and taking into account the third 
one we get 

f/(' + f/i=0, (3.19) 

which leads to the solution 

= Die'"" + zL'se"*", U3 = iF'ie*" + Dse-'". (3.20) 
Analogically for U2 and U4 one gets 

U2 = Dae'" + ^£'46"*", t/4 = iD2e''' + £'46"^", (3.21) 
where Di are the constants of integration. Finally, we can write 

V, = {l/y^){D,e''' + iD,e-n, V2 = {l/V^){D2e''' + iD^e-^, 

Vs = {l/V^)iiD,e'^ + D^e-'^), V^ = {1/ ^){iD2e''' + D^e-''^). (3.22) 
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Putting (3.22) into (3.8) one finds 

P^2{Dl + Dl - Dl - Dl) jr. (3.23) 

Comparison of (3.17) witli (3.23) gives = 2 (D^ ^ D\ — D\ — Dl). Let us now 
estimate r using tlie equation 

■ (3.24) 



r dT 



In this case we obtain 

T\^^oo^{[^/ro{^ + l)/2\tf'^^'-'\ 



i.e. The solutions obtained are initially singular and the space-time is asymptotically 
isotropic if ^ < 1 and anisotropic if ^ = 1. 

III. In this case we study F — F{I, J). Choosing 

F = F{K±), K+ = I + J = I^ = -Ia, K_ = I-J = It, (3.25) 
in case of massless spinor field we find 

V = ^^^if'^SFK^, g = ±if,^if'^SFK^, Fk^ = dF/dK±. 
Putting them into (3.9) we find 

Sl±Pl = D±. (3.26) 

Choosing F — from (2.25) one comes to the conclusion similar to that of previous 
case (II). 

Case 2. In this case the scalar and spinor field equations read 

^[t((^ + AV;7V)] = 0, (3.27) 

d f 

d f - 

i{— + — )V'7° + 77111;- Xipijj-f^ = 0. (3.28) 
ot 2t 

Using the spinor field equations one finds: tjj^^i/j — Ci/t, and S — t/jip — Cq/t with Ci 
and Co being the constant of integration. Putting it in the scalar field equation one 
obtains 

= (C - ACi) /r, C = const. (3.29) 
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In account with all these the spinor field equation can be written as 



o,d f iX{C - XCi) 



T + 7r)V' + ^^V' - ^ -r^ = 0' (3-30) 

ot It t 



with the solution 



VT J 

il^^^it) = :^exp [i{mt + A(C - ACi) / T'^dt}]. (3.31) 

VT J 

The components of energy-momentum tensor in this case read 

_ mCo C eo _ ^2 _ ^3 _ (C - XCif _ Eq^ 



■y2 \2/-y2\ 



where C := (C^ - A2Cf)/2 and < ^ < 1. Putting this into (2.25) one gets 

/ ^ = t (3.32) 

J ^?,K{mCoT + £ot1-« + C) + A'/S 

As one sees 



r|t^o ~ V'^/S - 3/tCt ^ 0, 

and 

which means the solution obtained is initially singular and the isotropization process 
of the initially anisotropic Universe takes place as t — > 00. 
Case 3. In this case the scalar and spinor field equations read 

^[t((^ + UV;7VV')] = 0, (3.33) 



d f 

i7°(— H )ip — mip + iXip'j^'j^ip = 0, 

OT 2t 

i(^ + ^)^7° + ^V'- A^V'tV = 0. (3.34) 

We consider the massless spinor field. In this case from the spinor field equations one 
finds: iipj'^'j^ip = C2/T, with C2 being the constant of integration. Putting it in the 
scalar field equation one obtains 

ip^{C- AC2) /r, C = const. (3.35) 

In account with all these the spinor field equation can be written as 

d f , , iX(C — XC2) n , ^ /„ „v 

7°(^ + - -^—^ ^tVV' = 0. (3.36) 
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Defining W{t) = ^/T^^l){t) one writes the foregoing equations as 

Wi - X'pW^ = 0, W2- = 0, 

W^-\^Wi = 0, Wi-X^W3 = 0. (3.37) 
Differentiating tlie fisrt equation of tlie foregoing system one gets 

Wi + -Wi - [A(C - XC2)?\ Wi = 0, (3.38) 

wfiere tfie tfiird equation of tfie system as well as ip has been taken into account. The 
first integral of this equation reads 

tWi = X{C - XC2)Wu (3.39) 

with the constant of integration be taken trivial. Proceeding analogically one writes 
the solution of the system as 

^^1,3 = D+exp [X{C - XC2) J T-^dt, W2,4 = D_exp [X{C - XC2) J r-^dt. (3.40) 

The components of energy-momentum tensor in this case read 



where C := (C^ - X^Ci)/2 and < ^ < 1. Putting this into (2.25) one gets 

dr 



3K{mCoT + EoT^-^ + C) + X/3 



t. (3.41) 



As one sees 

r|t^o ~ - SnCt 0, 

and 



SkuiCq t"^, 

which means the solution obtained is initially singular and the isotropization process 
of the initially anisotropic Universe takes place as t ^ 00. 



4 Conclusions 

Exact solutions to the self-consistent system of spinor and scalar field equations have 
been obtained for the B-I space-time filled with perfect fluid. It is shown that the 
solutions obtained are initially singular and the space-time is basically asymptotically 
isotropic independent to the choice of interacting term in the Lagrangian, though there 
are some special cases that occur initially regular (with breaking energy-dominent 
condition [|l5l) solutions and leave the space-time asymptotically anisotropic. 



13 



References 

[1] L. Parker, Phys. Rev. 183, 1057 (1969). 

[2] L. Parker, Phys. Rev. D 3, 346 (1971). 

[3] C. W. Misner, Astrophys. J. 151, 431 (1968). 

[4] B. L. Hu and L. Parker, Phys. Rev. D 17, 933 (1978). 

[5] V. A. Behnskii, E. M. Lifshitz and I. M. Khalatnikov, Adv. Phys. 19, 525 (1970). 

[6] K. C. Jacobs, Astrophys. J. 153, 661 (1968). 

[7] L. P. Chimento and M. S. MoUerach, Phys. Lett. A 121, 7 (1987). 

[8] M. A. Castagnino, C. D. El Hasi, F. D. Mazzitelh and J. P. Paz, Phys. Lett. A 
128, 25 (1988). 

[9] B. L. Hu, Phys. Rev. D 18, 968 (1978). 

[10] P. G. Miedema and W. A. van Leeuwen, Phys. Rev. D 47, 3151 (1993). 

[11] H. T. Cho, Phys. Rev. D 52, 5445 (1995). 

[12] G. N. Shikin, Preprint IPBRAE, Acad. Sci. USSR 19, (1991). 

[13] Yu. P. Rybakov, B. Saha and G. N. Shikin, PFU Reports, Phys. N 2, 61 (1994). 

[14] Yu. P. Rybakov, B. Saha and G. N. Shikin, Communicaions in Theor. Phys. 3, 
199 (1994). 

[15] R. Alvarado, Yu. P. Rybakov, B. Saha and G. N. Shikin, JINR Preprint E2-95- 
16, (1995), Commuunications in Theor. Phys. 4 (2) 247 (1995), fer-qc/9603035| . 

[16] R. Alvarado, Yu. P. Rybakov, B. Saha and G. N. Shikin, Izvestia VUZob 38,(7) 
53 (1995). 

[17] Silvan S. Schweber, An Introduction to Relativistic Quuantum Field Theory (Row, 
Peterson and Co., NY, 1961). 

[18] V. B. Berestetski, E. M. Lifshitz and L. P. Pitaevski, Quantum Electrodynamics 
(Nauka, Moscow, 1989). 

[19] Ya. B. Zeldovich and I. D. Novikov, Structure and evolution of the Universe 
(Nauka, Moscow, 1975). 

[20] V. A. Zhelnorovich, Spinor theory and its application in physics and mechanics 
(Nauka, Moscow, 1982). 

[21] D. Brill and J. Wheeler, Rev. Mod. Phys., 29, 465 (1957). 



14 



[22] S. Weinberg, Gravitation and Cosmology (Wiely, NY, 1972). 

[23] N. N. Bogoliubov and D. V. Shirkov, Introduction to the theory of quantized fields 
(Nauka, Moscow, 1976). 

[24] W. Heisenberg, Introduction to the unified field theory of elementary particles (In- 
terscience Publ., London. 1966). 



15 



